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(54) OPTICAL DEFLECTOR AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a compact optical deflector which 
is simple in constitution and is small in the number of parts and a process 
for producing the same. 

SOLUTION: This optical deflector has a planar member 50 which is 
provided with a reflection mirror 52 formed of an Al film, a supporting 
means for freely vibratably and deflectably supporting this planar member 
and a driving means for vibrating and deflecting the planar member 
supported by this supporting means. This driving means is provided with a 
prescribed TiNi shape memory alloy thin film and a bias spring means for 
assisting the action of this TiNi shape memory alloy thin film. The 
supporting means is provided with a pair of torsion bars 60 for freely 
vibratably and oscillatably supporting the planar member. This bias spring 
means is provided with a cantilever 66 and a projecting part 68 which is 
projectingiy disposed at the extending end of this cantilever and is 
contactable with the rear surface of the planar member. 
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[4$fFI*#<0«6B] 

twarabSWKifl:, 0T^©^ia*^fe, rro^iE 

ioflllftl i&K^i-S-WWffttJBttSSlf^Ktt b*v 
|WE» 1 U-CBffi©»WB« • 

Six 

wis* 1 ikuw, 2 (ojLm*-fr fe<nm&* i i&f& 

SfFfam2<D^$rffi51t^'g-i-5m4<7)Xmt**Ut. 
[^W<E>S£>Wfct&W] 

[0001] 

[0 0 0 2] 

li^M5p6-l 7 5 0 6 0-§-4*«lwM5*£iT/fcia£9« 
g^fc/S^feftCfa^fcibfrvtV^ (^10«&5t5S 

tf— » W * 2 a -f /W 4 *MR It b ixfc. &R 6 t Srii A. X V* 

6. 4 
[0 0 0 3] 2g*aMtb?-(i. S^S6 

TV^ 0 ^2*aC»9ii»T-!wli, 6 dHft^^S 

SBlOir. Z<Dft-W&l 0&m%ffi8\zttl,XUW)$&. 
l^3El*i-5-»«)*-2iaD*?liiai 2 fcjWRttMfCV* 

;frl4i, -ixbfcliaCOtfital 4li:.i:oT*M*»l 
Olrlgibe^l-^^tu-CV^S^gSWl 6 i/^ltb 




#^ip9-9 0 2 4 9 
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[0004] rroiJ'ii^v^, %i=is(,u2\z 

mm*mvxm%i.*&£.mtzz£^&vx, mi^c 

"»>»^*«^-5*MWn: 0tet4Bt9t*!Wi'<-.-— 

mi s.v* 2 ^ 2 , 4 i^Et-iia-rs r. t \z 

2R.U t *l^C<9 tftel 2, l 4^^^{w[Hl^Sli]i- ; 5 
[0 0 0 5] »i»VJB2iaCt>18ib J T-S:ia(ESt!j-$* 

l&U 5 * 2 =^^2, 4 KjEEKii«f 
5 0 |g2*aC9t6ib^ig<ii/$ ! ^£ <#P^b 

-C^2feCt)«tb^ L ^!IESjS'ti:fc^rg-, jg 1 *a C 9 tSM 
?-©««Xl fc«2taC9fR»-=F-0>««X2tt, 
I XI I = 0 - (1) 

|X2 I =F/ I k I (2) 

[0006] coi9i:Ii ro^gtfffK .iiili, .« 2 

[0 0 0 7] |I]7IC^J;9&)fcfiIl6]' : ?-'btiSi£ 
(1 2W'«Sf) o El 7 iC^i" <fc 5 fc, ^2 

fc2SS»g»^ s ^&6±!::Eg£;HTV^o BU 
g}g6iC(4, mi OT^5l5S«^SfflS^fcmiSU ; ^2 

n-fyi-2, 4<Dftib*) glRt) ! »2©@]t«il 

8, 2 O/^ttbttTV^o 

[0 0 0 8] ;©±9«W^ 2S*«Sti)T- 
8, 2 0KSEEKimffi«rWlPUt:|Ml**r»4**S- 

iiaot, 2sa*«» J fa J iSte«»i-5wi:fc* 

) ^lSt)!f2Clttil8, 2 0»=««urK3IH 

[0 0 0 9] ^rtr, rff3i?«*»it5fcft 
IC, ®8(w^:-rJ;5^*iS^^S^$^T^5 (S3 

951 o tc*n*]iae$nfc* 1 Rx*m 2 co@s*®m 2 

2, 24W2 6, 2 8Sr<t*.T*s!) , lixb^l^-O 5 
SS2<75B5£*l&*i-2 2, 24M2 6, 2 8lCS£E»=« 
JESrfpJnU-C^m^Sr^^-^SwttCt^-C, 2|6 

iO *, IlWl2©l£SiM2 2, 24W26, 2 
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8 (Dttfai-z>mmm3Lt\±mtfLn<DmE.tfwto£ixz>o 

[0010] miLlfftfflBB 61-1 38229-9- 

TV.^ (m4<D'&&&ffi) o H9t*tJ: .5 14© 
&5l5&flT©#fflifi^l- J:*tfi » ^fejH 3 0 *» e>3§# Lfcu 
— f s «-3ttt, 5 7—3 2\Z £oXffimJffa~- Slt^tVfc 
y-V'3 4~tfctt£it5o 57—3 214, ^1 
<D=-t> uM.m.3 6trftLXto1&-rZ>Zb\z-i:<>XWt>-±. 

b*lT:}o9, £0JBieJNttEflfe*ttM'3 814, 12 10 
<D-* DAi4 0 5r^UT*Df^i-5 w t 1= £oXW*m. 
*[&]~.JB ft Wfgftfg 2 ©»«E1t'&Affl*f 4 2 IdSl 9 # 

3 8, 4 2tt, ISHIWf44Sr^L.-caBB*^T*59,'ffi 

[ooil] r©±5 4«*^J:ixtf, S5i»tWB2© 
^Efite^ffl** 3 8, 4 2£ffifBi£-e:T$7-3 2© 

^ !J-^3 4±-SM$ixfcStt3t(4, 7^y->-3.4 
. Jb«rBf3fcJ!fm'4MH-6rW!:**.' 20 

[0012] 

lwft-5. 30' 

[0 0 13] 4fc, %2<»&*SM<B%mfo=f-it. -hifc 
UfcJ: SK^MttRl O^Kf lXU^2«3H3e««i 8, 
2 0twK§|@*Sti,TL*p#^*SS>5o »3© 
t£*8ffi©}feffift?-Ttt> @*ffi@2 2, 2 6Sr*»"f 
5£«4 6trAP^TB)£«ffi2 6, 2 8S:$:»t5fcfe 
roSttf 4 8 *S2iJ$jg« t ft 9 . «5B*s*«Mt-fi 

[0 0 14] Sfc, *4<&f£#S*0>3te«l*Hftt, *l' 
X^2<0^fEiS-§-^g5*f 3 8 , 4 2 S:Jn^-t:5fc* 
<0^lS.t5^2© = ^n^3 6, 4 O^giJife&Si 40 

[00 15] #«93tt\ r<75±5ftWHS:«Bfci-5*:«> 
[0016] 

[KHSr«P»-f-5fc«>ro#R] :o£ 5 ft B«J«r»*t- 
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Sr«tfiJL-3«((fl$*5K»*a4:Sr.«*.Tte9. IfflEB 
»#«tettU j5rJ£©J£KEttte&i:, IO»«Bl^fe 
©B&^Srtt gbi-^> fcft»/M7^/^fS t jftJRit bit 

[0 0 1 7] *»W«>3t«l6l-T-<Z5«3t*jSfeH:, % 

«jfi.o<m6]£-t2:5 i'jc, J|ftE£ 1 ©SS*m:& LXffife 
«)3©Rialt^^Sr-(W&HEK-t-5fl5 2 0Xai:. f 2 

77/<*f ae#fi!)i:Mt5 £ 3 ©II 
t . WIS® 1 X VJS 2 ©imSr^ L-CBr£«>#MW s ?&* 

*nfc«naas 1 ©sews itiEffi 3 ©xgu: * 9 $ 

[0018] 

mw<vmm<nMm) sit, #$§?Ji©gu ©snis©^® 

i (a ) ir^-r ± 9 fc, **i£©^*i©7tfirfi]^-i±, s 

it*a^K«tfe^fc**t»«-5 0i> 5 0 

ftl:3t»Shfc«««W5 o ^StdJ-oe^^-frSigtb 
#a<tSr{«xT*5 9, ffi»#S"^l4, ^iats-s-^i:. 

ffi8r*B5i:«U *:©R*iNM«:»flii:*W5.' 
[0 0 19] R»^9itts *HJi©^lSlw*3V^T, T^u 
5:=<>.£.jBI (AIM) -CJgj«S*tfcR*tS9— 5 2*««E 

a-r^o s i mmst<omi <on&5 6H, tms i 

.9, r©mi©SB*f 5 6 ^J±, tffet^y^V^jDX^ 
ixfcm i 5 8 t s :ro^i^#5 8rotS#f 

«58a ^l:SW5 0*J«»5.oflil6]a«E^{tfltft 

5 014. — *f© h — ->a >-^— 6 O&frCthZZ. tIZX 
cT, itub h — ->3 6 0 Sr^WM2r^<L^r.B)T 

©5!«f#ai4, — M© h->ay/<-60iIl©^ 

[0020] ^ib«^{4, *mM(omffiizm^x. 

T i N i fii^^KIBflt-fr^WK (£tT, T i N i fl&RIB 
tUfc^l <Dm-tU6 2 a t . mi ©fl-#5 8tr®-g-$ix 

fc^2©gE-&gB6 2 b t. t&iAxrm2<r>»&ia6 2 

a, 6 2bSrimJ:?^ «*«8tf5 0©li(Ef<f 
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$4 (IP*j, — *)■© V — ->a ^s<— 6 0 *&&%&W) l-E 
^•rS^lSjt-MtHbfc— M<o7 9 yv?S8 6 2 c iSrtfiix. 
TV^o ft*S. ^2 0«-g-a5 6 2 b tt, *£i-3.fc5fc 

t i n i ^»*¥^lilfcj|€r"^£»*Tt«**«' 

T*3 K) x Sfc. — ^©7" JJ y v?£B 6 2c 
H< ft 5 ± 5 -at©?' !)r^6 2c oRH», « 
1 RtflB 2 cD«-£-g|$ 6 2 a , 6 2 b©J8l<i.fc9 t^t- 

[00 2 1] /^T^^#»B:» _hlE& 1 ©SB# 5 6 
t^tc4'fe#3iy i ^>^iDX$nfc^2 0^#6 4& 10 

#ffl«6 4 a rtKmS*S«»tffitiiL.fcfr»t»*6 6 

^SlaS 6 8 i±, — *t© h — v- 3 6 0 %'&£>%&B.±: 

So 2C 
[0 0 2 2] -«S6?)*^l2te^»-* 3 '' > 

ft, «^fc«9BI3»llt^lHl«i-6 r. fcttBMfcfc*. -© 3 

[0 0 2 3] ^If, #2aft©Jg«-C«:» mkffl&&& 

t ltt i n i mxm&&im*Mm ht^K r ©t 
i n i ^ts-c-^x^iM hs* 

ft£ N 8 O'CT?^ — ^f 1 -*-^ h*B£ri>5:3 £ 5l-#fiS;£ 
*vcv*5. n ©T i N i jg#!Blfr&£?*B!»±, * 

Mtt.WMS.'t** w ©£ 5 ftT i N i ^IBtS^»^ 
(i, — jttWt-, ^©ffiJ^Jt^T i-r i chi:45l:o 

El (d) ^3%i-i5^.-*aE4-t©M 
»A«rSBi-e*.5»5jl*fc» jMW&tett, Ti-4 6~5 
21ST-%N i (T i - 4 6 ~ 5 2 a t %N i ) ©$5fflT- 

[0 0 2 4] i«i5ft*^±hti« Hi (b) 




ijfgjl^zg-g 0 2 4 9 



6 

■f i 5 ie, t i n i »«ia*'&^Mltwiim$n-rv^<c 
ttirtt;- StteW s o it- t»*>!e'6-6-ro#ttc±o 

X-M© h-iXa y/<-6 0 Srig^«li»S:*l a »£>^iHlte 
U TK^PttHtd^U-C^Se ©mte^i-»6^*^5 = 

r©4&£\ Il©^#5 8 (HI- (a) #M) 
*LfcgS 2 ©g^-05 6 2b fremiti Ufc— Jt©^ y y 

0 «£-£;h/-CV^fc©, «^W5 0!&sJb3B©<£5l-[slte 

[00 2 5] ±&UtJ:5**J*«:*i-5#3fcJi 
©»*«>3tefl||ftl^©»3t*S5^ov^-C, Hi (a) ~ 
(c) Sr#RgU-CSiM-rSo Si\ «l©«B*i"5 6JrR 

[0 0 2 6] mffi&W&ZilfrlW-Z 3 0 0 /im©S i £ 
m*Rini<tz.1k, :roSiSfiiCfS2 0)ini©Ti 
N i «#re«-£4t*««rdW1-S. TiNi«« 
20 E«-&^»)^©T it'Ni ©ffif&Jtli. T i - 4 8 . 0 
^%N i (T i - 4 8 . Oat %N i ) t-T3 0 ft 
b, ±.a*Ufcii»5 , rcom^ttfi. T i -4 6~5 2W- 
•7-%N i (Ti-46~52at %N i ) ©^HTfc^t 
ii#t'Ti-4 8. Oa tNi^SMlii^. 
[0 0 2 7] tfcC TiNi ^fE«-g-^^* s S) 1 
( a) (w^Stlfcfm^^?) £ 5^, i N i 

^5 0^S^J5fe§ixS-<^ S illi^II^ Klt5 7- 
5 2 5r1#^-rSfcft©A 1 ffi=lr^#U. ^©Al^SrB'T 

30 antral y^^^-rs. 

[00 2 8] gV^,TiNi ^ISti^*^^ 5 ^W 
$Jxfc®t-MUT, SiSS©S»bKOHC£c 

TiNi »tt1Bit^?W)ISr«ft'fti-5fc», 5 0 
0 c CT'l^©^M.aS:tTeio 

icJ;o-C, TiNi J^REfita-AiiBttt, 7yy K4» 

[0 0 2 9] ^Ciw, £2 ©g&#f 5 4ICfgltb^?)^«^ 
©Mit7'°-fe'^i-'^ > ''"CS^ H 7lt-2). 3 0 0 M m©S 
40 i*RSr^*Lfc«. w©S i»RJi-©^fitaJ6 8Sr» 
^•f-^#ffi^t^i3 (Cu) ©Seed — Layer (S 

[0 0 3 0] g^T, CuWtfiS^y^tt^^L 
-C9SiBW6 8Sr»fi8;Ufc«, KOH^iactSilS 
©Jf^S'i^Sr^y^T^ h-T5. iroi^^nt 
x|;iot > ^l^U ? ^2©gBW5 6, 5 4Sr«56Ufc 
- tvf5miSD ? ^2©W5 6, 5 4$rHISS^% 
CtotftlKSi^tS. w©J6*, HI (a) l^-r 

50 [0 0 3 1] &tc, *H*S©»«©tb^«w0^tEI 1 
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(a) ~ (c) Sr#^UTSiej-rS 0 T i N i 

«tLTl>5 s Z<Dt%, «:|fcSB*t5 0 14, Jtf$*>&6 6 
(DWmzX-oX— tt<D h — ->a >v<— 6 0 Sr^ifti^Sr 
f-kKEHEL, 7k¥ttHlr»L.T^iae<7?lEie^fl§t'«i 

(StTT i N i iMKfEtt'S-&?SJ8£tf>— ttV>7V >yi?&6 
2 c 14, m£Srclt#*L.T^-5;!iS, ^i&^-ei4, S 
*icMtr-^/i'X>f--t' h*§ i: fto TV 4trft#*S<# 
glTV^ (Ell (b) „ 

[0032] ro^ft^tsKs^-c, m,m&&*zizWi 

2 WS-S-SB 6 2 b Zfr LTT i N i J^^fBti-&-&»^lr 

mm-rzt, m%L&m^^—tt<r>7}) s/v>sb6 2 c <d 

6 2cli t-^ft-l" hffi^tBbT, ^*iEtt£*v 

-->g i"<-6 OfcEHs'f'fri: b-CEltb-t-5 (01 
(c) . 

[0033] r;-e, t i n i ^5ytists^»K(-<-«-'i' 
ts «#tSB*t5 ot4, mm (b) fenso u) ©jribk: 

1£#SB#5 0&lE]iitoJg»)$ii:5<h, K£Wl 2 0 WffifflT? 

#g§r#-r 5 r, £ *s Bifg t ft 5. 
[0 0 3 4] r©J:5l=**16ro»l8fcJ:lxtf, 
7-5 2*«»j*S*vfc«#taB*f 5 0«:««i.l.o{II|fgS* 
Z>1tlb<OT??^— * £ LTT i N i ^ISft^* 

7c«)tw«f^;-t-5ct^-e#5fc*s f&*ft1ft&T-J.oSB 

[0 0 3 5] gctd, ^m<Om 2 0>0?J££>J£t©i::«a#; 
df&mno^T, H2£#l>gLTfftej-rSc ft*=\ 

tm-nrnm^n.. m-&^&ttvx. -t©ttw«r*» 
[oo36] i ©sasrojgtti (Ei i &m) x*i4, 

«:]fcSE*t5 ooSSffifcA im&M&-irZ»z\b\z.£oXBL 
It 5 7-5 2fe»*U*i*», *3fe»W»»-Ctt» E12(w 
3*1-J:3fc» «^SBW5 0W*ffi^frfcJ«BtLfcT i N 

ffi^frlZfiSJKSftfcT i N i J#RKtt&&W!lfl5 5 *>, 
r<75*§£\ r. <73 5 7 —SB 6 2 d 14, 111 



(5) #53^9- 9 0 2 4 9 
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<o&£-SB6 2 a t— *W<)lcjaBIS*ur 1^-3 rite ft 5„ 

[00.3 7] ***©»«©«J6*ifett, IB 1 WgUfeW 
»*-ettMUfc«Jg*«fe©*T?. T i N i ^fEtt^^ 

ir, a im<nm%?B-t**:m&-rm.t£^\ ftfc, r. 

n«^«jjKtrn-fe^»4. mr<omM<ommtm-X'h 

10 [o o 3 8] o\z&m&<»1&WilzX.tit£, mi <d 
a«T«Bfcfc5. SJt, T i N i JgRCflfeAKKKatt 

fiSrJ^SwiraSf^Sfc*, RSt5 7— SB 6 2 d <Df& 

t&*itetttz. ftjb\ fficD^i«i4, $ 
KDmmcDmmtm-X'h^tmb. ^(Dvimi^m-r 

20 s„ 

[0 0 3 9] &fr, *«W(0^3ro^lfe«oj^Je;^5Jt 
{BlSHNroVT, E13 Sr#fiSL.TIft^-r5o ft*3, 

t|^-ro«^|C»4, P1-^S:#LT, ^C0lftP^$r^B& 

[0040] ±.mm2<Dmm<omm m2&m) xn, 

iBERBW'5 OcD^ffi^tc^JKUfcT i N i ^IB*^ 
SBSrSW? 7 -SB 6 2dt LTfflV>fc/45, * 
HJS«)^t?l4, IS] 3 Iztf-T X o ic, WRMPssovm 
30 S^^t-T i N i 'XMfcfBtt^*JRSrj£K Ltf 1 OS 
-&SB6 2 a Sr^U, r 0>% 1 OS-&SB 6 2 a ±li JEtr 
AlBtS:3lR*U-CSJW-5 9-5 2a*«»*a*ixTVv5. 

[004 1 ] *^<O^I§roSijt*&l4, A 1 m-teWk 
SBW 5 0 co*ffi^:{$:(^S#-r?) j(S*sj(S 1 (D^M^WMcX 

40 [0042] r. coi 9 {i*H16<o^<8^ i^x(4\ 

Xtm 2 WHIfiro^^tfc-iTHtrStt^SSV 5 7 
-5 2 a t^pJIgir^Si;*^, «^SfiW 

iET-^ i sr/^ 2 (Dmmnmm t ®m<owift*m$L-rz> 

w t^BTIgtftS. 5 0±«>«4fefR 

*Sr»*.5w4:*t?#5fc*» 9- 5 2 a 

s^srBSc-t^nrtEtftSo ft*>\ teroswfttt. asi 

50 [0 04 3] Jikic, &&W<om4<r>nM<r>wm\z&z>% 




(6) 
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fcsfc*. *iai©»tt©»w»-»b» R2©ntfe©» 

[0 0 4 4] IH4 (a) #*lfc©7l2fi© 
JflHfl^ttU TiNi ^RER-g^RR©-*!-©^ y 
v>gB6 2 c**— #© h — v'a 6 0&1&&1>Mfot¥- 

#t© h — •> a v*— 6 0 Cifflg LTKtt bft 
TV^.SCWSrftttS?), R«>«Rtt» -hR*2© 10 

[0045] #R*©R«<D*ti6:#RI4s TiNiM 

iB«£-RRR©-»-©^y *5*»6 2 c &-**© v-'y 

[0046] RK, 5£3«fc©7T^©tbfN~0\,N-CEI4 
(a) ~ (c) 5r#f.trMt5. TiNiRRER 

^RRWfcRRL"Cv**vv|K«t:::l3^-C\ «tt«Mf 5 o 
roittCiot-M© h — ->a 6 oSr^-SRRSr 

gUTV^S (04 (b) #H8) c 

[0047] zcoxo^Mi^^^. mm*m&tz.%i 

2 ©©-g-gB 6 2b^LTTiNi ^latft^SR^ 
iimi-5 1 > ««Stt*»i«v^— S*©^ U y 2 c © 30 

6 2 c(4, t-^ft^ h«^««U-C»tffc»x 

tern £ *tfc*Rfc 77^ ae^i- 5 . - ©*s*^ 

5 0ft, R l ©*M* 5 8iWl:45J:5i:> 
— M© h-->3 6 o SrSte^'Oi: UTIIliH-5 

(04 (c) o f^lEI (c) UlSSV^T, 

gB#"5 0#Rl©*#5 8 fcjpfrfcL'fcofci:** -*f© 
y y y 6 2 c (4, «^SB*}- 5 o ©R® KRg-saxfc 

IK 1 ©R^SB 6 2a &U<KR5 9 -SB 6 2 d t W— ¥ffi 

[0048] ::t, TiNi 7#|fcRR'£RRRfc'*i' 

^K)CItU^b-^^y yv?IS6 2 c«t5 

smaw 5 o ii, iDm (b) tiara (c) ©*«iw 

o"C, u-tf-^Lfcfi*S?-»6-2dfclMtUe 
dSC>*«t«B5tt-5 0SrlHWE«aBl$it5i:, R3f£ 2 0 ©«& 
HT?RAt5 7-R6 2di^w-f-)fei^SH 

[0 0 4 9] Z.tD&oiZ&mi&'W&i&lZ.Z.iltZ. -hi&U 5 




10 

fc*Rtt«>*tti: »±Rfc 19 , -*f©7' U y v'SB 6 2 c £ 

— *t© oKSiEu-cKttsr. fc#-e* 

3 0 TiNi RfltffiR-S-RRWBU 5 %HK^ir 

3 6 0©3£<T^5%SS^*-<t5»*^, — »© 

h - •> 3 6 0 *>5>RM Ufc&«-T?f6 5 

«±H, !) y i?ai6 2 c roft ^ 

5. r©^*, Rl©fl-#5 8«r-h3£bfc«- 

[0 0 5 0] *5S|fl©^5©*J6©^l©^?>3t 
{BKn^-tcov^-C. B15Sf#RiU-C§iBJ-rSo 
Rtt hfo1zM®%0ti 70t, r©«#igB*t 7 0 StRRI. 

Sttjs^ ^IBtS^i, r©^ 

0 7 0 © 5 Slt#S^tt btl,-CV^SffiS:*ffi 

t^b, ■?:©S:*i-'K)Sr^ffit»i"2>. 
[0 0 5 1] K«-^«B:, aRfelS<o»«^*iV^-C, T/u 
(AIM) -e»jft3nfcR*t5?-7 2 (El 
5 (b) , (c) #RS) TiSKSL, :roSSt?7-7 2 

[0052] Si S«»©^ 1 ©SB^ 7 6 i±, m^-T* 
S i KlgS£©fl 2 ©95W 7 4 t— 
T*5tK w©^l ©SBW7 6tr|4, ^rrollCKMi? 
30 — 7 2*s»*$ixfcS«t«Wt7 0«r*lbJi.o«|*liffiw 
3£fi?-T5— *t©#tt®ftSB*tfiPt>— M©*g-'<^ 78t, 

7 8 fc3a*i-5*/<*3d«B 8 0 fc*«Rtt 
t>nTV^5 0 r©Sfe*, ««gB*t7 0{4, -M©«^ v 
7 8 *5S*-r 5) C t i- <t o -Cfiff^lS] tr^tbS.-o{i [6] nj 

— *f©^^7 8 8 0 ir/5 J R^i"So 

[00 5 3] J^RER^tt. *^*W»ffllw*5V^-C, 
T i N i R©^taR^»R (BT. T i N i^tfelB 
fe&&mmt\,>o) ir±o-c«RSixr33t)s ^©T i 
40 N i J^RER-&A*«H:. ««SBW7 0©*S4»t* 
Zntz-W, 1 ©*-^p15 82ai, S^^5:^fSC 8 0 \Z& 
■££tlfcm 2 ©«-£"£($ 82bt, ^1 STJ 5 ^ 2 ©K-S-SB 
82a, 8 2bSr^fei-5J;5tw. -»©*^7 8 i: 
W»-®tBUfc— ^©yy y^§B8 2 c iSr#xTV^ 
So R 2 8 2 b 14, 5lwT i 

n i ^fats^^i-a^i-^^^^tt®^** 3 ^* 5 

t) , -^fc, — *J-©^ U y -^8 2 c ©R^W^tt* s i* < 
?i?)<t9t-, — >td-©y y y^SB8 2 c ©R<gf4, f lR 
T^R2©^-&a8 2a, 8 2 b ©R#S J: •? fc^E^l-'h^ 
50 <«)5fe$*X-CVN5 c , mfc, T i iN i roRfiS;J*H, Rl 




(7) 
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[00 5 4] /WT^^fSli, % 2 (OUU 7 4 \Z— 

14, £#»8 4*»fefllf3t«$K»tliaibfc^»*»*8 6 
i, i<DjT-«p*>*8 6<D®ffl$&t£3S88L&offi:|*a!*t7 
0<D«E (jUW&fcltt, IS 1 (Ofe-Sn 8 2 a ) KSHttpJ 

[0 0 5 5] c«)J:5**i*twJ:4xtf, 05 (b) Ktt; 
i-i 5 fc % T l N i »*tE»S-^««K:ii«S^TV^ 
^ttflBKlSV^T. 4Stt«B*f7 OH:, it»*>f 8 6©)5A 10 

#ltt(-|4, «W7 014, >t^*>^8 6*>#ttfM3«: 

[0056] ±aufcj:5*«<ai**-t-5*ii* . 

©^©3MM*©MJtt*tfcfcov*-<:» 0 5 (a) ~ 
■.(c) Sr#Babt«Mi-5. »l»«?r7 6-KB 

[0 0 5 7] nfffi^WS$^fcJP:$ 3 0 0/im©S i £ 
«S:ffitLfe« v r©S i Sfi±t)?$ 5 (imCT i N 20 

i J^Ett-&£SM*«:J«BI1:*. T i N i 

05 (a) m»Six7y&IKfc*5J: 
^K*T i N i »#E*^&**«r*a»-C8fcfe-t- 

[0 0 5 8] «WSB*t7. O^^^ixS^tS 

i»«coSSI^, R*K 7—7 2 £«J&1-5fc#><7?A l 

j^T, T i N i Jg«ia«'^»«l* J J«J»$ttfcffilc» 
LT, S iMWlIffll^feKOHIIictS iSffiW 

[00 5 9] *^tC v T i N i ^^IBtS-g-^^SrMfs 

-fbi-^fc*, 5 o 0 t c-r-i^ffi<oB*a i a?: ; fT5 o :o« 

SasttSJl*:: tlCioT, T i N i ^bS«^*J8S 
[0 0 6 0] W:, %2<OUtt7 A\Z.WLrtbfrZ>&Mj& 

commy p o±7.iz^\,^xisim-f-^o 3 0 0 M.m^s 

(Cu)WSeed-Layer (« " 

[0 0 6 1] C ucom^f^ f^T'^tt^^^L- 40 

■C^iB«8 8Sr»fiS;bfc«. KOHfKioTSiSE 

7ia-3T t «lftt«l!2©«tt7 6, 7 4S:SBtUfc 
3.ix5)»lRa«JB2<0«W7 6, 7 4?rgffi^6 

l^J:oT*BEI=«^-t-5. r<£>££*, 05 (a)'t^1- 

4 5 Sft* i t Klfc5. 

[0 0 6 2] *^ltc7?^8g<DiM£Ko^TH] 5 

(a) ~ (c) Sr#j&LTifc9?-f-5. TiNiftEl 



#P2JZ9 - 9 0 2 4 9 
ttLTV>3. ffftSW 7 0 14, fr^f 8 6 

LTT i N i Mmm&&&ffi&<r>— tt<DZf V v i?® 8 2 
c!4, ^*fif£«t#SbT^S#, 

Utv^S (0 5 (b) #figj o 

[0 0 6 3.] r<D4 5**t®»-*5V >_ C, SlSSrifcfefcSS 
2 cO^§S8 2 b Sr^LTT i N i 

8 2 c(4, 3J-— ^rt-f htB— ^ibt, .^«>Et§£n 

fc^77 5» hjgR~tEHKi-s. 3.<d*S*, — #©« 
7 8 14, :Hli«A^«4t5£*Kiro?0i»ti^ 

J^-rSfc*, «![*»«■ 7 0»i, «^^l»SB8 0t¥t7 

[0064] ::t% TiNi »RE*#4Slii:^ 
^«J»rifi«b^*S5s— ttW^D yi?§5 8 2 c SrflDSrf 5 
t, ®^SB*f7 0(4, 15)0 (b) ilDEi (c) Oftfgtr 

^stcffig#ite>tu, o <o«ffl-eiHiteffit!ii-2). 

7 0SrJR»**5t, KStS 9—7 2*»6»U- 

[0 0 6 5] :oi 9l-**lSW^©t-4tbl4, -h*BL 
IiRU ! ^2©^#WSt<i;5ifcfc, «*T**fi^ 

[0 0 6 6] <C*3, J^LfcA{W*>fc«J*a»£>EAT0>± 

^SJr3E»S.ixfcS(riBK*t«IJ*tS:«ibB.oflim ^-frSIE 

Eti^t, ro^Elt-g-^lbf^Sr^ili-r^fcfcco 
/^T*^*#&£#8:»te>*vON.5 - i: Sr^1»t-t-5 

H**2 



(8) 



S^mW9 - 9 0 2 4 9 



13 



14 



f5f3©lS^ lWIBJISl»TJ«»2«>XSSr^U-C# 

fc©*rt#»*SiftfctWB* i wffl«-»trtwa» 3 cox 

(2b*) HI /W7^/^¥Rtfi# 

e?jj-ia*i" 5 r. t 5, 
($*) »BSt?fc5^fa«^Srffi^ ; 5^ tx\ mm 

[0 0 6 7] Htr v 5tfllKliiFfl3«E««W«>WBi*»*- 



^SB fflztt bt J*®! # fc * ** * *. S> ^ 5 o 

fiffi&ilztolk-t-ZZ. k&X~£Z>. toMtiKSLto- 
^«-coMib«ilwML-r^T^ia«$tu-cv^ :t^t 



45. 

7t*^iati^feMibtt(wS<3(tTiae-t-5 mzm&i 

if*^9 

(2b*) R##S&i8»¥&-T?fc5J£HfcKlft-&&fcl^ 




(9) 



15 

»** 1 o 

(tfUB -3b*) «*aiW±l=»J*bfcJ^lfclB*^4± 
^ISrJiV^S 9— #©S«t#SSr»J«i-5r. t"C\ & 10 
«IEtS^±t-, WzffJOJBttEttfrifeeAfl-^MSra 

1 

(«/£) SfrE^T^/^^Stt, litJElKttSBWSrW-t' 20 

5tWEJ»Re«^* s §loKbix-5 ± ? tfflEJWKE 
r i Sr#?Si: Sit 1 t-IB^ro3fe<llfil^o 

(3b*) #«ttflp«r*Uffl Ufc^KIStS^li, §|o3S«? 

m*mi 2 

Oft*) Htl&'UTX'^^mtft, *fHES^S5*tSr}f 

(3b*) *eBttl±. «*t»«-±^jlS*i«S-CEll*ix 

Ett&£fc3l oiUIItSri tJST-# So 
if 1 3 

mat) flfiiB^esBtt, ^y^iaotwshtv^ 50 



^^^9 - 9 0 2 4 9 

16 

h*mmti-z>m*mi 2 KB*©**!**?. 

(fEffl) tStt't'roAM'f^^Srtt^ y^»<o±lca5c#f 
»** 1 4 

r-tirioT, *rE*tt^tt«:X#1-5— »ro3M4JBtt 

fit, /MT^^^SrtaJlw^^SiS^SrSlP-^-S) 
£5 LB?-*", rwlg*, «;|fcmt«:2:J$ 

UTV^43tW8B*f*s*^9, w*Ur#o-r, «*ttM*fc 

(3b*) #«g»^SrfiJfflLfc?^IEig-g-^«, §|o«9 
KSS*-ti:5iE5.5!**>5. tfrE#t£<fcl±. ««Sl5*rS:§lo 

Ks r. t -eiigA/^^iait^SrSv#fi-r3t*w/^-f 

7X/<*i LTi(. 
111**1 5 

T^E^tbSo 
(3b*) ^3514, *E*«Btt"-hfc*a*i«S-CE11*ix 

^^fcit^bJilfSo iftlwj:9, #t=««a»Srj¥b 
W**l 6 

HrE^ttSBttt-frAtt, T i - 4 6 ~5 2m=F% 

[6] To 

(f^ffl) TiiNi <Dm.!&t£tfT i -4 6 — 5 21^% 

teteMtemA (Msg '»aa£A±ti<c5. . 

(3b*) SmEA±roMs/S&#f 3?^E«^$:JB^ 

fc3t«iFi j f-Sraia-eteffl-r5»§'. m s^ti^iai 9<s 

^ttlEti^tt. ^/ufyf-f his (MH) t^-- ^-t 1 
^ (aI@) wiBt?e»i-5r.i:^/jc5. 0^9. 



(10) 



-9 0 2 4 9 



17 



18 



[0 0 6 8] 
[Bffi©*H*ftR93] 

[El] (a) fit* *5BW»II51©»6«>*^*** 
«fi*©«j««:*-*-**»B* (b) 14, T i N i IMfcSE 

ts^&»i^t-s«£H^ x ft v ^^ :J6VN ~ c ^ tsttSM* 

SraH-Bk ( c ) (4, T i N i JB#trc*'&&WAfci8« 
[0 2] (a) (4. 3^W»H2©3»tro»»fc«5* 

{■i**©*i*«:ij*-r#»BL (b) (4, SW^tf: 

[IS 3] (a) (4, *^^<0^3 0*lSw^fl8ir^5Jt 
«l*l*©*rttrii*i-*»Bk (b) 14, 20 

tTiNi ^iais^»Kro^s^i-^*^^ fcA 
[Bi4] (a) i±, ^^m<o , mA(DmM<D^m\z.^% 

[02] 



62c 62b, 



flBl«n^»#^Sr*i-*HaH» (b) 14. T i N iJ£RE 

ttdamnsM * v Nft v ^flg^*jv N t , tmnu 

"fcSi-Bc (c) -tt-T i N HWREMW^K*^** 

[H5] ( a ) 14, #»W©*5©jlttro»«fc«6# 
^^^^i-^m, (b) (4, T i N il^lS 
1g^»Mi-ii®^HT^ftV>^t-*5V^t, 

Sr*i"0, ( c) 14, T i N i J#RlE«^&«*fciS« 

[El 6] % i<o&mmiv>ytMfa*<nftti£*^®® 

Elo 

[12 7] 2 ro^^S^c^^oW^^^i"^ 

[@8] 13 rottjfesw^jfcaBisjf^w***^^ 

BEL 

[121 9 ] % 4 «D^5l5ft»03feffi5(6]T-<^«fiS;Sr^i"^ 
[«?F-S§-tf>lft9§] 

6 6 6 





< a ) 



(a) 



62d 



50 



lb) 



62a 
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